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1. fi^^Al- SA||Ai(£^)_1■ 
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1020020081476 ^^ ^^>: 2003/6/3 

^ ^tg o. alig-A]- (Non-radiative Dielectric ;NRD) S.^S.m '=>]-%-^ «o^^^^ 

NRD £4-5. Aj-oioii c].^^ £^^1:^^ ^^l^l-<^ ^^1 ;^>;^1 ^^^^ ^ 

^1-715^1- cff^^ ^Sl- ol-g-tt ^e]olE^54 cfl^ tilaJ-A> £S}-^ «j- 

£ 1 

Wl«o^^> ^^^1 £4^., ^^7l, 'iBll^lE-ls)- 
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wl1]->^> <^]'%-^ "J"^'^^ ^^7l {Direct ioanl Coupler Using 

Non-radiative Dielectric waveguide} 

£ 2^ H 1^1 ^^7lSl A>A]£ol4. 

:£ 3a xfl^l £. 3dfe £ 1^ 1}-*^=^^ ^^7lSl ^ 71 ^^*>7l 

^^H. ^^5.. ^ 

S. 5^ ^ ^1 2 ^A] Qfloil vc\-^ ^^71^1 

£ 6^ ^ 3 6\]6\] u\.^ ttJ-^A^ ^^7lSl ^SSolcf. 

S. 7^ ^ ^] 4 c^]c]] ic)-s, tij-^A^ ^^7l^ ^^£olcf. 

S. 8a^ ^ ^^<=^1A-1 LSM S.-^^ ^^-^s]* ^^^>7l ^t!" 7B^£olji^ s. 8b^ 
LSE 2-J=Sl ^^-^Sll- ^^*>7] 7fl^3EolT:f. 

£ 9a ifl^l 9i^ «o^^A^ ^^71^1 ^^i- t^o^^ ^^^^ ^X\^}jL £^ 
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^ (Non-radiative Dielectric;NRD) o]^^ 

¥ NRD SSl-S A>ololl C].^^ ^2,^ A-]^ ^Bfls. i^^^^H ^^1 

(electric field) ^V:^] (magnetic field) '^J^( component)^ ^^>7lB|-(electric and 

magnetic wave)* 0]-%-^ '&^^]^]^ cfl^ wltij-A> -^^^j j£ 

^rS. «o^*J=^^ ^^7]oli:^-. o]^ ^e]n]&|4 c)]^ ^1^^^^ ^^s)-(radio 

frequency; RF) ^S. ^o] ^>-g-Slol^T=1-. 



f^efl^ NRD £2}-^* ^^7l^ NRD S^^> 

<>i ^ NRD ^^S. S^^o.s>H ^^1-^ S^^>^ 

<^ ^ NRD S-^S. A>o]o^ ^^-^o^S.^ S^s]-^ i^M^ ^ 

-¥-£^^ cf^ 7l]5] NRD ^ NRD ^s^S. ^}o]o] 3^^^o_^^ 
2^^^}^ «J-^<^14. 
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1020020081476 #^ "^^f: 2003/6/3 

^2fl^ NRD oj-g-^il. a^l-^^^ ^^7]^^ cfl-^^ ^ NRD SBj-S. ^}o]o] 

# A>-g-^l.jL ^nf. ole.:]*!. o]^^ ^^7l^ ^ 

2:7> ^V^^>Jl cf«y:t!: ^^1- ^^o] 7>^«r>i:ffe ^^1^, ^^]^} 

71 ^tt ^^1 J1^<^1 o]^^, nfl^vq- ^^>^ ^^%=* 

2:^$eo>n]: ^>7l i^^ofl 7)]^A^o] <>|^-fo^ rtj-Sl-A-^ ^ ^^^1 

^2fl^ -T- NRD ^}o]2] S^^H ^^1:^ ^^*>^ «<J-^^^ ^ 

^71 Si-loflj^ NRD ol-g-^ a.^^] ^^7] (branch-line coupler)7> 9X^^. 

sj-^>(guided wavelength) 1/4 ^o]^ ^ji ^-^^ <y 3i] dI^i 

(characteristic impedance)^ (l/2)l/2tiflo^ 'yiqcl^^^ '5d^(series arin)fif 

Ag^ 1/4 ^oi» ^vji ^^^^^q^isq- ^a^jci^l. '^^-<dS(series arm)S 
T^^^^V*^ ^S. 3.7] 9\ 1/291 3dB7> -i-^f^^l-sq- ^^^7\-S. ^;^]- A>ol 

^ ^^^Xphase shift)7> 90£7> 3dB ^^7lolcl-. 

c}^ ^J-^<^1 ^^1^. ^^7] ^^^-^J- 3dB ^^711?]:^ =7^ 9X^B.S. cf'a^tb ^^1- 
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1020020081476 %^ ^^V: 2003/6/3 

7}^^}7]] -BllL, :g-cH^ ^^^'^l AflS.^ ^Eflol ^elojEisl-cfl NRD S^S. «j- 



^^S. sg^t!- S.^^] ^^-^ ^ Aj-olol] ^Ajsl 

^. -B-^#^ -B-^^lS. ^ /^ll 1 NRD £s|-s.5!l- 2 NRD 1 NRD 

2 NRD ^o]S. ^-^^^ ^-f- ^^"^ £^ 

tt^, ^1 1 NRD isl-^sl- 2 NRD Ss^-s^ ^^7)- 7l-^s:>H , ^V^^l^J] NRD 

ii^^ NRD-^ ^ 9X^. SE^. z^-zj-ofl cfl^H, ^ ^>«- i^^l^oil- nf^* 

Si-^^. ^^^^^ l^^S] ^1^1- AH 7l5l^ Kg/4 91 ^o] laV^^^Vcf. 

NRD* **><^ ^^Sl^ ^Jl^ 'SHltilElsl- rfl^^ ^ 9X^^, ^^^^ 20dB. lOdB 
3dB<a ^ ^cf. 
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S» ol-§-tb ^e^^l^is}- wl«j-A> o.^^] «o^«^^^ ^^711- ^Ml^l ^^*}:^-. 

^ ol^Hl^i 7llAi£|^ ^a1<^1oii tb^s)^ ^o] ovqej- a^s 4€- ^•y^tb 

^Efl^ ^ %l-2-i:^, ^ ^X\d\]^ ^ «V,^o^ 7BAl7> ^^^V^^^^VH "^^^ 

^1^^ 7l-^^Hl7ll ^^^^ '^^i ^^^1-71] <y:B^^7l ^efl ^olnf. £1^ 

^<HlAi -^Jlfe :^<at!- -S-i* ^H1*>^. ^^Slfe cflSflAl^ A|5^^). 

71 S ^Vrf. 
<21> (/HI 1 ^Alcfl) 

<22> ol*>, £ 1 ifl^l £ 41- ^2i^><^ ^^^^^11 ^^^<AM 4^ ^^711- 

<20> £ 1^ ^ ^^^^ ^11^^] ^^^M ^^7l^ ^SSolJI. £ 3a^ £ 1^ 

^^7loflAi NRD <^l-§-t!: -IJ-*^^^ ^^7l^ ^S ^ 7l^^ ^^*]-7l 

3g^£OlJl, £ £ 1^ ^^7]^ S. 3c^ £ IS\ «j-*j:A^ 

7l<HlAi ^r^S.o]jL, £ 3d^ £ 2c<^lA^ ^-^-^S. SA]^ A* ^#|*><^ ^tfl^ ^^iE-O] 
^, £ 2^ IE ISl ^tfl Al-Al£o]r:f. 

<24> £ 1^ «oH1=^^ ^^71^ ^^A^ ^^^^^^ ^i-^ S.^^]^ 

(lla)3f sl-^f- S^^l^dlb)^ >a-^> A>oloil <asl5l -H-^^* -B-^^lS. ^ All 1 NRD 

£54s(12a)sl- All 2 NRD £5^5. (12b) 71- ^^d\] a^s. ^^^>7ll ^^1^ $Ial, 27l)^ NRD 
£B}-^(12a. 12b) ^V^^Hl ^^^S^cH All 1 £^^(12a)5!l- All 2 NRD £2l-^(12b) ^><^l7> ^ 
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1020020081476 ^^ <U7}: 2003/6/3 

^^-^^ o]^<^^ ^^^(14) ^2^7} S.^^ ^^^^^^ lE^ 
^1^(13)* i^s^>7ll ^t:]-. £ 2^ £ 1^ ^sfl A>Al:£^, ojs. ^^^-^ £ 1^] z^- 

>11 1 ^ 2 NRD iEB|-s(12a. 12b)^ ^S7> NRDCHyper NRD; HNRD) 

S.o]jL, NRD 5.45.^ 2.^tl LSMCLongitudinal Section Magnet ic)a-JB 2] 

■S-^ ^^sr>7m- LSECLongitudinal Section Electric) S.^S] 7.}^] ^^^(component of 
magnetic field)^ ^^^cf. 

HNRD Ss^-s.^ ^v-^^q. £^^l^*(lla. llb)^ «a= K^^] ^o] ^^^s\o] ^fe 
^2^S. SX^^, <=>] ^-i- ^1-^1<^1 NRD£s|-^#(12a, 125)7]- -a-'^^^ T^Soli=f. 

£ 3a^ S. 1^] ^ ^g-^;^^ ^^7l'^lA^ NRD IEs}-S.« ^l-g.^ wj-^^^ ^^7]s] 

^ 7l^^ ^'^^>7l ^^}c^ cf^* £^^1^(13)^ if-^V^ -^^^] NRD 
(12a, 125)^?]:^ ^i:Ht!: ^'^JS-^jc}. ^^^^ -B-^^* -^^^IS ^ ^^tt ^7)\S] 

NRD £2|-s.(12a, 12b)«Hl>^^ ®^ ^^^Xinput port)S <aA>t}- 1 NRD 

S(12a)» ^^^}^. 27fl^ NRD :£s)-s(12a, 12b) ^^'l-ojofl ^gzj-slo] 1 NRD 

S.(12a)5!f 2 NRD £4^(12b)A>ol<^l ^^]^^ 4^#(14) ^2:7> ^^^^^^^1 
cf^* £^:*im(13) ^] 1 NRD £5i|-S(12a)«Hl ©«i ^sf 

^^^VCthrough port)^]- 2 NRD £54^(12b)<Hl 9X^ ^^^^Xcoupled port)^ 'U 

^^1-* ^^7} ojuflo^ ^^1-^ £^^1:^(13) ^S<H1 i 

^€ i=]-^*(14) ^S<H1 ^«fl ^^^q-. ®«i ^Hl^;^K isolated port)^ ^^irU) ^ 
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1020020081476 %^ <a^>: 2003/6/3 

S. 3b^ S. lofl nJ-^-^^ ^ia£<^lT=f. HNRD ^ 

^ £^^l^(lla)^ -£^^l^(llb)^ ^l-oloil ^7l]^ NRD £ 

2l-S(12a, 12b) ^S7> $1^, 1 NRD :£34S(12a)5+ 2 NRD £5i)-s.(12b) ^}o]<^] ^ 
A^^^ 9X^ ^-#*(14) ^^7]- £^;^m^ ^^l(t)« ^Jl ^^^^ 

4^* £^^1^(13)^S» ^<?1^ ^ Sicf. 

£ 3c^ £ 1<H1 :£Al^ ^^7]^ cf^l- :£^^1^(13)5] ^ig:£olcf. cf^ 

* 3E^^m(13)«^l^ 2^S. ^ tq-#^(4)^ ^Hlt!-^. 1^^* £^^m(13)^ 

3d^ £ 3c<^l^i ^^-^S S.^]^ A* ^#1*><^ ^tflt!: ^^-^ 
^19 «J-*j=oil cf^* ^}o]o\ ^^-^ ^^^^^^ ^^91 

""^^M ^^(H) =L^JL 4^*^ ^^(R)o.s iE^7>^*>ci-. ^ 

^^«J-*J=oil c^f.^ A>olo^ ^^(D)^ Ag/4ol ^ o^x:^^ o] ;g 

c^.^^ AHS] :?1-^(D)^ i:fl^ Imm. c^-^* a>o1o^ ^^(H)^ 1.2imi. tq.^#2] 
(R)^ 0.6 Ml^l O.gmmolJl, t^^^ * 7fl^^ 2<i ^z^-ofl 12 197fl . cf^^ £^^1 

^(13)51 -^^^l(t)^ 0.1mm<^ ^cf. 

S. 3a ifl^l £ 3d» ^S*H. ^ ^1 1 ^AHloil 11^.= «J-^A^ ^^7] 
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£ 3a<HlH -£^1^ ^o] ^5l-7> 1 NRD £-Sj-S(12a)S- S^Aj-slji, t+^-^ £ 

^^fl^(13)<^l 9X^ Cf^#(l4)^ ^Sj-O) WJ-^1:5Z|. ^3io.^ ^^^^^ 9X^. ^^M, S. 

3d^ ^m^]^^ Sl^^o^S. ^^S^ t^^ir ^^2] t# ^>S-(phase)^ 

7l^^(reference)^S ^€-^21 ^2^<^ «j-^ofl ^fe 

^2,^ 7]$^ al-s. cf-g-ofl ^^1*}. 7>;^M1: nfl, c}]-^^^^ ^^^^ 

1 bM) £34s.(12a)» ^4^^> ^^^S 71^^21 i^^-t-oil o:|«fl 2 

NRD £5^S(12b)S. :i^ol sjo^ ^^^y^V «J-^o.5. ^^tbcf. ^1 1 ^M) £5l-S.(12a) IJ" 

7]^^o\]^^ ^1 2 NRD £s|-S.(12b)S- ^^51^ ^^>((S)) «oHl=^^ ^^^>^ 

^s^-sq. -^3)-^x^>((2)) ZL5lJi ^^K®)4<^1 90£^ -i^^^Cin phase) 

^ ^3)-^ 7l^:^ollAio^ ^^O] Xg/27} Sl7l l^l^oll 7l§^ollA^ ;^E|.o^ o^>^ q 

£2f 180£^ ^^^}o]iout of phase)7> 517] nfl^ol] >S-ifl5lo:| cl-;^>(®)S. ^^*> 

^ ^^7} ^Tfl o]^ ^54^ ^^-£( frequency sensitive)^^- «j-*J=^^ 

(direct ivity)<^l J8.i7> ^c^-. 

ol^V. £ 4a £ 4d# ^#tb ^^715] Al^eflo]^ ;^azj. 

# ^^t!-T=l-. '^ll-Ellol^ 1-^ Ansoft^^l-^ HFSS(High Frequency Structure Simulator) 
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» <^l-B-*>^Jl. -£^^m(13)^ ^^l(t). t:f^* Al-olo| :a:^(D), cf^^ aVo^o^ 

^^(H), t^^ir^ ^^(R) ^ cf^*^ 7fl^l- ^11:211 ^^1*>^^-. . 

a.^^^^ t=0.1mm, D=1.0inm. H=1.2mm, R=0.6mm, *7fl^^ 12*2^ 

^ NRD £45.21 ^4^2.H.(transmission mode)^ LSM(Longitudinal Section 

Magnet ic)S.H.2l ^Tjj^^^C component of electric field)^ ^^(coupl ing)^l-<^ 
^] 20dB7} ^^7lofl cflft 2.^^^ (simulation)* ^*S^>^i^. ^ 

^4. ^^^^^^ £ 4a<Hl £^1€ :£ 4a^]X\ s_ll^ ^^>^^ 

(return loss), S_21^ '^■'^^^(insertion loss), S_31^ ^^(coupled) H^JL S_41-& 
^ el (isolated) ^^<^] 55GHz~60GHz cfl^^ol sgHz-?! 

igo^oflA^ ;g^^o] 20dBS. nfl-f 5§^^ ^oI^l ^Ji, «]:A>^^ja)- ^a^oI -f^ 

2-^^^^ t=0.1mm. D=1.0mm, H=1.2mm, R=0.8mm, *7fl^^ 12*2<S 

2^ S^iofl^-I, NRD £54^^ ^^S-^ LSMS.^^ ^^^>^ ^^^<=>] 106B7} 

1}-*J=^^ ^^7lo|l cfl^V 5.2^^* o. ^3!^, ^^^^^^ 

IE 4b<^l £.^1^ S. 4b'^l>^i S_ll^ ^^V^^. S_21^ -a-^J^^. S_31^ 

ZL^JL S_41^ ^^^^ cfl^o] 55GHz-60GHz cfl^^o] sqHz 

^ '^^<^l>^i lOdBS. afljf 3g^^ 2io]jL ^Jl, «]-A>^^3)- ^^^o] 

-£-2^^^^ t=0.1mm. D=1.0mm, H=1.2mm, R=0.9mm, 5^1-% #7ll^^ 19*21 
o] s;fioilAl, NRD £3i|-ssl ^^£^ LSM£:E-^ ^7^1^^^* ^^^H ^^^^l 3dB7> £] 
n>= ^^7l«Hl iifltb 2-^^* ^^«^>^ci-. H ^^^^^^ £ 
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4c<^l £ 4c<^l^i S_ll^ ^^>^^. S_21^ -a-SJ^^. S_31^ 

S_41^ ^^^^ M-Hl-uflcf. ^s]-^ cfl^o] 55GHz~60GHz ol^n, cfl-^^o] 5GHz 

<38> cf^^S., IE 1«^1 £Al ^ ^^7lofl^i NRD S-SfS-Sl ^.co^ 

^^1^^^^ ^^^o] 20dB. lOdB, 3clB7l- 51 £^ Wo^^^^ ^^7l<^l tfltb 

2.^^^ ^l-a-^V^ «J-^^^(directivity)^ £ 4d 

iEAls:>^c|-. 37H a.-^ 30clB ^£5] ^^tb 1}-*^^^ ^^^^ :a.<=^^JL ^ ^ 

<39> 2 ^Alc^l) 

Cfn>, ^^51 ^o^l- ^tflAl, ^1 1 ^Alo^]S].5l ^>ol:g^ 7l§O.S ^^W. ^1 2 

<^1^ ^-f^ 1 ^ 2 3Ei^S(22a, 22b)7> ii^ ^^1 ^1 1 ^^1 

^.^12 ^AHlofl Tt^M, £^^l^(21a):B]- ^]-^ £^^l^(21b)'^l # 

<4i> 3 ^^1<^1) 
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1=1-'?]:, ^d'^g^ ^^1- ^^^i, 1 ^^I<^l5q-51 ^H^* ^^^W. 3 ^a] 

^-f^ 1 ^ 2 £s|-S.(32a. 32b)7]- SlS\-s.S. o]^<^^ ;«fl 1 ^ 

S. ^^^^ SZ^M-, ^1 3 ■^^]^]^ i^^l^(31a, 31b)^ 4 

£^^1^(33)^1 ^^*>7ll ^>^^£1<H 6 . 



<43> 4 ^Al<^l) 

^d^fil SltflA^. 1 ^Alc^lSfo] ^H^^ 7l$0.^ ^4^t!-l=f. ^] 4 ^A] 

^-f^ >ll 1 ^ ;*fl 2 £sl-S.(42a. 42b)7> ic^ £.3x1-^5. ol^c>1;^ ^l-ol3J) £ 

:£^^m(41a, 41b)3l- cf^^ £^^m(43)ol ^^5. ^^^Tfl ^^^5)<H 9X^i^ 7 ^S). 



-£ 8a ^ £ 8bl- ^M]^] -i^^^. £. 8a^ LSM S.= ^ ^^€^11- ^^^>7l 

7lli^£olJL, £ 8b^ LSE S.B.s\ ^^^e^l- ^^*>7l 7l1^iolxij.. 

<^1^^A^ £^^1^ <y= ^ 7flS^ NRD ^s\-S.7} 9X^B.S., LSM 
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3.^9] ^i^^ ^^*>7li4(£ 8a). LSE y^U] ^ SX^ ^^7} 

8b). 

3E^^m ^, <^>2flS. 27fl^ NRD S.4S.7> Mfl^l^i:!-. NRD 

NRD H^S.7> ^S!f c5>2fl^ X711<>1^ ^tfl<^l^ £^^]^(^^<^1 NRD 

^ t}^ ^^^m, <^M^c>\] NRD £51)-^^ ^^^%) ^^^^^^ 

* ^-sf^i, LSM p^l-;^] ^^^Vt^u}-, LSE S.^^ ^ 



<48> (l^^c^l) 

<49> 1 ^Ji\7] ;H1 4 ^ a] o^] ofl ^^7] olS]oll£ ^ ^^21 Cf<a=t!: ^ 

^<^1*°1 ^1^. ^,^11 2 NRD ^s^S. ^}o]7} ^-f-^ ^^-^^ 

^^^Bjig ^^-^l zi S.<S=oil ^Jl ^>S-<^1 7>^^>i:f. 3E 9a 9i^ 

^^1-* s.^l^>Ji SZ^ 2^s. ^jl 1 

9a). 1<I ^;^> ^^H:£ 9b), 2«i ^-^-Ci 9c). 1^^ >m^( 
S. 9d). 2<i^ >^^^(£ 9e). 1<^^ < ^^CS. 9f), 2<i^ < ^4H£ 9g). 1<1^ ^}^% 
9h), 2^2^ aVz^-^ ^^iS. 9i)^oli:^-. 
<50> SE^v. ^ 7]^^ o] «.o>o) ^Aj-o^ 7]-:5l;^>2f^ ^ ^ 
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o] #^1^, ^^^>JL cf<y=t): ^^1- ^^o] 7>^^1-J1. ^1: ^^c] o^o_i^, ^cfl^ 
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11 

2 NRD ^ 
^1-71 1 NRD 2 NRD ^}o]d\] ^o]S. 

^^7l NRD £4^3^ ^^S.^ ^o|lA^ ^>/^l^^^<5l ^7l £^^1 

^<^1 ^^^^ ^71 ^^rH ^^^>^ ^^^S *m til«J-^V -^^^1 

S-l- o|-g-*V «oHV^^ ^^71. 

2] 

^7l 1 NRD 2 NRD £5^5.^ ^l-ol^l NRD^ ^^-^S. 

-^^^fl Oj-g.^ Wj-^j:^^ ^^71. 

[^^^^1- 3] 
^1 1 

^J-7l 1 NRD -£S|-Si2l- 2 NRD £34^.^ NRD*?! ^^-2.5. al«<3->^> 
ol^tb *S-*J=^^ ^^7l. . 

m^^^ 41 

^1 2 ^ ;«fl 3 ^<H1 9X<=^^^, 
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^S. t}^ WlHj-A> o.^^] £54^1- Ol-g-^ ^^7l. 

51 

>ll 2 Sfe 3 9X<=>]^^. 

-^S t}^ wlH,VA> -^^^1 oj^t!: ^^71. 

[^^^J- 6] 

wl«J-^> -H-^^fl oj-g-^V «j-*j:A^ ^^7l. 

7] 

^] 6 «J-<H1 

-£21-^1: ol^tb «o^*j=^^ ^^71. 
8] 

^1 1 *J-<H1 

>^7l NRDl- -i-^H ^^5)^ ^SL^ 'gel^lBl^ rfl^ol ^o. «] «j.A> 

oj-g-tb ^^7l. 

9] 
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